Abstract: Chrysotile, or "white", asbestos is the dominant form of asbestos in international commerce today. It accounts for 99% of current world asbestos production of 2 million tonnes. Chrysotile is an extremely hazardous material.
The total number of deaths in the United States that will eventually be caused by exposure to asbestos, over 95% of it chrysotile asbestos, is estimated to exceed 400,0006).
Background
Asbestos is a term given to a group of minerals that crystallize in a fibrous habitat. Four fibrous minerals have commercial importance-chrysotile, amosite, crocidolite, and anthophyllite. Of these, chrysotile is the most important, accounting for more than 95% of current world production.
The various minerals differ chemically and structurally, but all readily separate into extremely fine fibers, most of which are thinner than 1,um in diameter.
As such, they can easily become airborne during manufacturing processes or by abrasion or disturbance of asbestos-containing materials.
Their thinness allows them to be readily inspired and carried into the lower regions of the human lung, where they can become lodged and cause damage.
The modern history of asbestos disease dates from the beginning of the twentieth century, when two cases of asbestotic lung scarring were briefly described in asbestos textile workers. The pulmonary disease resulting from such scarring was well described in subsequent publications and the term asbestosis applied to it in 1924. Lung cancer It is widely accepted that asbestos fibers, including chrysotile fibers, increase the existing risk of developing lung cancer in proportion to the cumulative exposure that occurred up to a time 10 years prior to evaluation3~. The relationship can be expressed formally by the equation I = I o (1 + KL. f. dot lo)), where I is the lung cancer incidence or mortality observed in a study population; Io is the age-and calendar year-specific lung cancer incidence or mortality observed expected in the absence of asbestos exposure (ideally, I and Io would explicitly consider smoking habits of each study individual); f is the intensity of asbestos exposure to fibers longer than 5 µm; d is the duration of exposure in years up to a period 10 years prior to evaluation; and KL is a proportionality constant that is a measure of the carcinogenic potency of the asbestos exposure. KL represents the fractional increase in lung cancer incidence or mortality that occurs from a 1-year exposure to 1 fiber/ml. The relative risk of lung cancer, I/Io, is independent of age and depends only on exposure characteristics.
Information is available that allows exposure-response relationships between asbestos and lung cancer to be considered in various exposure scenarios. Table 2 summarizes estimates of the percentage increase in lung cancer risk associated with a 1-year exposure to 1 fiber/ml that have been made by individual researchers or by national review groups3~. There are obviously substantial uncertainties in estimates of KL. This uncertainty arises first, because only limited data exist on workplace asbestos exposures prior to the mid 1960s. Also when available, the data were usually expressed in particle counts, rather than in fiber counts. The relationship between particle and fiber counts is highly uncertain. When early data were unavailable, estimates of exposure have had to be made, based on later fiber counts and on information on changes in control procedures and exposure conditions over time. These adjustments too, are uncertain. Finally, uncertainties exist in the expected lung cancer risks, which depend on smoking habits and, perhaps, on exposures to lung carcinogens other than asbestos. Despite all these uncertainties, many groups have made estimates consistency within an industry and even across industries. The risk of lung cancer per cumulative fiber exposure is very similar for all exposure circumstances except chrysotile mining and milling. Risks in the three chrysotile textile manufacturing studies ranged from 1 % to 2.6% per 1-year exposure to 1 fiber/mi. These risks are not statistically different from one another and cannot be attributed to the small use of commercial amphibole asbestos in two of the textile plants. Indeed, the highest lung cancer risk was found in the textile plant that used no commercial amphiboles.
Among the remaining nonmining studies, the percentage increase in lung cancer for each year of exposure to 1 fiber/ ml ranged from 0.5% to more than 4%, irrespective of the type of fibers used in the production process. The only exceptions were two studies of friction product manufacturing and one of asbestos cement production. In each of these three studies, severe uncertainties limit the validity of the lower risks reported.
All remaining risks, involving substantial amphibole exposure, are similar to those of predominantly chrysotile exposures, within the statistical uncertainties of the data. Even a pure crocidolite exposure in mining demonstrated an increased risk of only 1 % for each year of exposure to 1 fiber/ml's. Although studies of chrysotile mining and milling demonstrate an excess risk of lung cancer, the risk is more than 10 times lower than that seen in studies of asbestos production workers exposed only to chrysotile or to 97% to 98% pure chrysotile. The origin of this lower risk in the miners and millers is not fully understood. Part of the difference may reflect the different fiber size distributions between the mining and milling operations and the textile plants and other production facilities. Fibers are presumably clumped together and are larger in mining and milling, but more fragmented and smaller in the user industries.
In summary, the available data on workers employed in the production of asbestos products strongly indicate a lung cancer risk for chrysotile similar to that seen in workers exposed to amosite and crocidolite asbestos. The best estimate of lifetime lung cancer risk for worker exposure to chrysotile in the using industries (as opposed to the mining and milling industries), is an increase of 1 % in lung cancer risk for each year of exposure to 1 fiberlml (KL = 0.01). Higher fiber exposure circumstances or longer periods of still is asociated with mesothelioma8~. These data strongly suggest therefore that much of the mesothelioma risk in populations with predominantly chrysotile exposures is due to chrysotile2~. The mortality risk of mesothelioma from exposure to asbestos can be described by a widely accepted mathematical model (Fig. 1 ). In this model there is a very low risk of mesothelioma for approximately 20 years from first exposure to asbestos. Thereafter, however, the risk rises very rapidly such that in long-term asbestos-exposed populations mesothelioma may actually become the dominant cancer risk. Chronologic information is available from two groups of period") in the other, all asbestos exposures to individuals in the group were considered, from their first exposure to chrysotile asbestos until termination of employment or death ("total period"). The numbers of mesothelioma deaths observed were compared to the number that would be expected if amosite were the sole cause of the disease. One can also estimate risk of mesothelioma due to chrysotile through direct calculations in mixed-exposure circumstances (Table 4 ). These analyses show that risk of mesothelioma/fber exposure, as measured by KM, is virtually the same for exposures to 98% chrysotile + 2% crocidolite, 60% chrysotile + 40% amosite, and 100% amosite. The value of KM from the study of Canadian cement workers is higher than the chrysotile-amosite exposures, as was a value of KL in the same group of workers. The value for a pure crocidolite exposure, as calculated by de Klerk and Armstrong's for the mining population of Australia, is about 10 times greater. As with the values of KL in Table 1 , KM is not definite because of uncertainties of exposures in the early exposure years of the groups under study and from uncertainties of small numbers. Indeed, from a consideration of the ratios of mesothelioma to excess lung cancer, the mesothelioma potency of crocidolite would appear to be only two to four times greater than chrysotile or amosite mesothelioma potency. The problem of mesothelioma from exposure to chrysotile continues to the present time. Peto et al.' predict that deaths from mesothelioma among men in Western Europe will increase from just over 5,000 in 1998 to about 9,000 by the year 2018. In Western Europe alone, past asbestos exposure will cause a quarter of a million deaths from mesothelioma over the next 35 years. The number of lung cancer deaths in Western Europe over the next 35 years10~. In Sweden, Jarvholm has reported that the number of deaths caused each year by malignant mesothelioma is greater than the number of deaths caused in that country by all workplace injuries.
Current
World Uses of Asbestos13)
Asbestos usage worldwide is extensive, but there have been dramatic changes in the production and use of asbestos in recent years. Table 5 gives representative production data for the past three decades14~; these data have substantial uncertainties because of limited information on Russian production. The data clearly indicate a rising world production until the late 1970's. After that time a steady decline ensued. Between 1963 and the middle 1970's amphibole mineral constituted from 5% to 7% of the total asbestos production. In subsequent years, the percentage drop in amphibole usage was considerably greater than that for chrysotile. For example, at peak production South Africa mined 269,000 tons of amphibole in 1978, but less than 47,000 in 1991, of which 20,000 was crocidolite. Amosite production ceased in 1992.
Currently over 95% of all asbestos used worldwide is chrysotile, with crocidolite being used only for very specialized purposes. with over time can be seen in the data on annual imports and production of asbestos in selected nations (Table 7) 14). Parallel with the dramatic changes in the global distribution of asbestos, there have occurred changes in its uses. Table 5 . World production of asbestos Table 6 . Principal chrysotile consuming countries in 1994
Previously, asbestos was used in a wide variety of products.
Now, however, asbestos use is largely concentrated in relatively few products, which vary from nation to nation. can be technically achieved in the United States and in a few other highly industrialized countries, but the residual risks still are too high to be acceptable. In newly industrializing countries engaged in mining, manufacturing, and construction, asbestos exposures are often much higher, and the potential for epidemics of asbestos disease is greatly increased's, 19) Scientists and policy makers in these countries should be wary of claims that asbestos can be used "safely". Those claims are not supported by data. Moreover, even the best workplace controls cannot prevent occupational and environmental exposures to products in use or to waste asbestos. Environmental exposure from the continued use of asbestos is also a serious and continuing problem. A recent study of women residing in communities in Canadian chrysotile mining areas found a seven-fold increase in the mortality rate from pleural cancer21~. Large quantities of asbestos remain as a legacy of past construction practices in many thousands of schools, homes and commercial buildings in developed countries, and are now accumulating in thousands of communities in developing countries.
An immediate international ban on mining and use of all forms of asbestos is necessary because country-by-country actions have shifted rather than eliminated the health risks of asbestos. The asbestos industry has a powerful influence over public policy in many countries. In the United States, the asbestos industry succeeded in 1991 in overturning the EPA's recommended ban and phase-out of asbestos by a technical ruling in the courts. Canada, Russia, and other asbestos-exporting countries have developed major markets in the newly industrializing nations. Conditions of current asbestos use in developing countries now resemble those that existed in the industrialized countries before the dangers of asbestos were widely recognized.
The grave health hazards of asbestos are entirely preventable. The health risks of asbestos exposure are not acceptable in either industrially developed or newly industrializing nations. Moreover, suitable, safe substitutes for asbestos are available. An immediate worldwide ban on the production and use of asbestos is long overdue, fully justified and absolutely necessary.
